vegetable subgroups ( 11 , 17 , 19 -21 ) , only one prospective study reported risk with respect to total fruit and vegetable intake in relation to organ-contained and extraprostatic cancer ( 15 ) , and one additional study reported disease-stratifi ed fi ndings for cruciferous vegetable intake ( 16 ) .
In our study, we examined whether fruit and vegetable intake is associated with a reduced risk of prostate cancer among approximately 30 000 men, including more than 1300 patients with prostate cancer. Our study, among participants in the screened arm of the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial, avoids the risk of differential screening, which can bias epidemiologic studies of diet and prostate cancer ( 22 ) . We gave special attention to specifi c fruit and vegetable subgroups and different tumor subtypes. Moreover, we converted questionnaire responses into the number of servings of each of the Food Guide Pyramid ' s food groups by using a standardized metric, as described ( 23 ) . This pyramid servings method is an innovation in analyses of associations between diet and disease, in that exposure assessment is enhanced by disaggregating vegetables and fruit eaten in composite foods into the appropriate food groups and subgroups; the standardized assessment of food item or group intake allows comparability of data between studies. This method also allows the fi ndings to be communicated to the public in the context of US Dietary Guidelines ( 24 ) , which are consistent with recommendations of the 5-A-Day Program of the federal government ( 25 ) .
Participants and Methods

Study Setting
The PLCO Cancer Screening Trial is a multisite study that was designed to investigate the effectiveness of early detection for prostate, lung, colorectal, and ovarian cancers and to identify early markers and etiologic determinants of cancer ( 26 ) . The trial enrolled participants from November 1, 1993 , to June 30, 2001 , and included men and women recruited from the general population by use of direct mailings, advertisements, and other means ( 27 , 28 ) . Screening procedures were carried out at centers in Birmingham, AL; Denver, CO; Detroit, MI; Honolulu, HI; Marshfield, WI; Minneapolis, MN; Pittsburgh, PA; Salt Lake City, UT; St Louis, MO; and Washington, DC. Men who were aged 55 -74 years were eligible for the trial if they had no history of prostate, colon, or lung cancer; were not under treatment for any cancer (excluding nonmelanoma skin cancer); had not had surgical removal of the prostate, a lung, or the colon; had not taken finasteride in the past 6 months; had not had more than one PSA test in the previous 3 years; and were not participating in another screening or cancer prevention trial. The study was approved by the institutional review boards of the US National Cancer Institute and the 10 screening centers. Study participants provided written informed consent.
Men who were randomly assigned to the screening arm of the trial underwent screening for prostate cancer early detection by serum PSA testing (at entry and annually for 5 years) and digital rectal examination (at entry and annually for 3 years). Men in the screening arm also received fl exible sigmoidoscopy and chest xrays for detection of colorectal and lung cancers, respectively. Men who had a positive PSA test result (i.e., a PSA level > 4 ng/mL) or a digital rectal examination that was suspicious for prostate cancer were referred to their medical care providers for diagnostic evaluations for prostate cancer. Trial participants were requested to provide information about recent diagnoses of cancer through annual mailed endpoint follow-up questionnaires.
For participants with suspected or reported prostate cancer, medical and pathology records related to the diagnostic follow-up were obtained from medical care providers to confi rm the diagnosis. For deaths, death certifi cates and related medical and pathology records were obtained and abstracted by trained medical abstractors, who also performed systematic quality control reviews on data for approximately 100 patients with prostate cancer per year. Clinical stage groups were assigned on the basis of clinical (57% of tumors) or clinical and surgical (43% of tumors) assessments of the extent of tumor involvement by use of the tumornode -metastasis stage of disease classifi cation ( 29 ) . Gleason scores were assigned according to the highest summary values reported for biopsy and prostatectomy results.
Study Population
Analyses were restricted to men randomly assigned to the screening arm of the trial to eliminate confounding by differential screening and because men in the control arm completed an alternate baseline questionnaire. Of the 38 352 men in the screening arm, we excluded men reporting a history (before study entrance) of cancer (other than nonmelanoma skin cancer, n = 1001); men who did not have an initial PSA test or digital rectal examination (n = 2530); men who received an initial screening examination but with whom there was no subsequent contact (n = 1045); men who did not complete a baseline risk factor questionnaire (n = 903); and men who did not provide a dietary questionnaire (n = 6604; 83% response rate), missed more than seven items on the food-frequency part of the
CONTEXT AND CAVEATS
Prior knowledge
Several epidemiologic studies have found that fruit and vegetable intake are associated with reduced risk of prostate cancer, but the findings have been inconsistent and data on advanced prostate cancer are limited.
Study design
Prospective study of men in the screening arm of a long-term randomized screening trial.
Contribution
Fruit and vegetable intake was not related to the overall risk of prostate cancer. A decreased risk of extraprostatic prostate cancer (stage III or IV tumors) was associated with increased intake of vegetables, mainly cruciferous vegetables, including broccoli and cauliflower.
Implications
High intake of cruciferous vegetables, especially broccoli and cauliflower, may be associated with a reduced risk of aggressive prostate cancer.
Limitations
Individuals with high intakes of fruits and vegetables generally have lower rates of smoking, higher levels of physical activity, and a more healthy lifestyle than those with low intakes. These associations could confound the prostate cancer association.
questionnaire (n = 250), or who reported energy intake in the top or bottom 1% of the reported energy intake distribution (corresponding to >5573 or <781 kcal/day, respectively; n = 634). We also excluded men whose initial screening examination after randomization occurred after October 1, 2001 , the censor date for this analysis (n = 155). After exclusions, the analytic cohort comprised 29 361 men (some participants were in more than one exclusion category), of whom 90.7% were white, 4.0% were Asian/Pacific Islanders, 3.3% were African American, 1.8% were Hispanic, and 0.2% were American Indians/Alaskan natives. Follow-up continued for up to 8 years (average follow-up = 4.2 years), during which 1338 men (4.5%) were diagnosed with prostate cancer (470 men were diagnosed in the first year and 868 were diagnosed thereafter), including 520 (38.9%) with aggressive disease (i.e., stage III or IV prostate cancer or Gleason score of ≥ 7).
Procedures
At study entry (baseline), participants provided the following information by questionnaire: age, race, education level, height, weight, adult occupation, smoking history, family medical history (including family history of prostate cancer), personal medical history (including use of selected medications), and physical activity level. Dietary information was collected through a self-administered food-frequency questionnaire (available at http://www3.cancer. gov/prevention/plco/DQX.pdf ) that obtained information on 137 food items (including 23 individual fruit and 37 vegetable items) to assess the participant's usual diet for the previous year, including portion size (small, medium, or large) for 77 items, and information on nutrient supplement use. Except for juices, fruits and vegetables were among the foods for which portion size was not asked. Nine mutually exclusive response categories were provided for the frequency of intake, with the choices ranging from "never or less than once per month" to "two or more times per day" for food items and up to "six or more times per day" for beverages. Gram weights per portion size were assigned by use of data from the two 24-hour recalls administered in the 1994 -1996 Continuing Survey of Food Intake by Individuals (CSFII), a nationally representative survey ( 30 ) . For mixed dishes and juices, cut points between small and medium portions and between medium and large portions correspond to the 25th and 75th percentiles, respectively, for portion sizes reported by male CSFII participants who were aged 51 years or older ( 31 ) . For those foods for which portion size was not asked, mean portions by sex were assigned.
Questionnaire responses were converted to the number of pyramid servings of each of the Food Guide Pyramid's food groups ( 24 ) by use of the Pyramid Servings Database corresponding to the 1994 -1996 CSFII ( 30 ), as previously described ( 32 ) . Briefl y, the data fi les provide the numbers of servings from each Food Guide Pyramid group per 100 g of the food, for each of more than 5000 foods, including mixed dishes; recipes for mixed dishes were used to apportion each item into constituent foods ( 23 ) . Pyramid defi nitions were used to describe serving sizes: a serving of fruit is defi ned as a medium-sized whole fruit, three-fourths of a cup (i.e., 6 ounces or 178 mL) of fruit juice, or one-half cup (i.e., 119 mL) of cut-up fruit. A serving of vegetables is defi ned as one cup (i.e., 237 mL) of leafy vegetables, one-half cup of other vegetables, or three-fourths cup of vegetable juice ( 24 ) . As examples, one foodfrequency questionnaire -reported portion of broccoli translates into 1.36 pyramid servings, a serving of raw spinach translates to 0.92 pyramid servings, and two slices of pizza (medium) translates to 0.42 pyramid vegetable servings. Vegetables included cooked dried beans and potatoes. Daily, total, and subgroup-specifi c fruit and vegetable intakes were derived by summing the daily pyramid servings across all relevant food items.
Data Analysis
Person-years were calculated from the date of the baseline PSA screening for prostate cancer at study entry to the date of the most recently completed endpoint follow-up questionnaire or the date of prostate cancer diagnosis, death, or October 1, 2001, whichever came first. During the study period of November 1, 1993, to October 1, 2001 , 9% of the cohort died or were lost to follow-up. Because the PLCO study is an ongoing randomized clinical trial, incidence rates are not presented in this article. To evaluate the risk of prostate cancer, we used Cox proportional hazards regression analysis, with age as the underlying time metric ( 33 ) to generate unadjusted and multivariable-adjusted relative risks (RRs) and 95% confidence intervals (CIs). The proportionality assumption was evaluated graphically by inspecting the log -log plots for the exposure variables under study and by testing for evidence of a statistical interaction with time. To consider risk for more clinically important prostate cancer, we also evaluated risks with respect to "aggressive" prostate cancer (stage III or IV tumors or tumors with a Gleason score of ≥ 7) and to extraprostatic cancer (stage III or IV tumors only). All P values were from two-sided statistical tests.
Missing values were imputed from the mean (for continuous variables) or mode (for categorical variables) of the known values ( ≤ 1% of the data were missing in each instance). The two exceptions to this rule were the participants with missing physical activity information (<1% of total participants), who were assigned to the category of "no or low physical activity," and the participants with missing diabetes status (2.7% of total participants), who were assigned to the "no disease" category. Nonresponse to a food item was considered to indicate nonconsumption of the item. Models that included and excluded participants with missing information yielded similar values for the association between fruit and vegetable intake and prostate cancer risk.
For the analysis of prostate cancer risk, we categorized total fruit, total vegetable, and food group intakes into equal-sized quintiles of average daily intake. Individual fruit and vegetable items had discrete intake distributions, and category cut points for these items were chosen from reasonable ranges in number of servings. Multivariable analyses were adjusted for suspected prostate cancer risk factors, including age (by modeling age as the underlying time metric; continuous), total energy intake (quintiles; 0 -1620, 1621 -2019, 2020 -2424, 2425 -2984, or >2984 kcal/day), race (white, black, Asian/Pacifi c Islander, or other), study center, family history of prostate cancer (yes or no), body mass index (<25, 25 to <30, or ≥ 30 kg/m 2 ), smoking status (never, current, former, or pipe or cigar only), physical activity (i.e., hours spent in vigorous activity per week; none, <1, 1, 2, 3, or ≥ 4), supplemental vitamin E intake (0, 0 -30 IU/day, >30 -400 IU/day, >400 IU/day, or past use), total fat intake (quintiles; 0 -62, 63 -72, 73 -79, 80 -88, or >88 g/day), red meat intake (quintiles; 0 -44, 45 -69, 70 -98, 99 -146, or >146 g/day), diabetes (yes or no), aspirin use (never, <1 pill per day, or ≥ 1 pill per day), and total number of prostate cancer screening examinations during the follow-up period (as a time-dependent variable; continuous). Nutrient values were adjusted for energy intake by using the residual method ( 34 ) . Results were not statistically signifi cantly altered by additional adjustment for total fruit or vegetable intake (as appropriate) and tomato intake or for history of PSA tests before study enrollment.
To study whether the association between the dietary exposure and the risk of prostate cancer differed statistically signifi cantly be tween the fi rst year of follow-up (which may have included a greater proportion of prevalent cases of prostate cancer) and the subsequent years of follow-up, we defi ned a time-dependent covariate as the product of time ( ≤ 1 versus >1 year after the start of follow-up) and dietary exposure of interest, with testing of the resulting coeffi cient(s) by a − 2-log likelihood statistic; there was no evidence of violation of the proportionality assumption. We also conducted sensitivity analyses by excluding case patients diagnosed within the fi rst year.
Tests for trend in relative risks were conducted by assigning the median value for each category and treating this variable as continuous by use of a Wald chi-square statistic. Spearman's correlation coeffi cients were calculated to estimate the correlation between fruit and vegetable intake and between intakes of specifi c vegetables.
Results
Among 29 361 men, 1338 (4.5%) were diagnosed with prostate cancer, including 520 (38.9%) with aggressive disease (i.e., stage III or IV prostate cancer or Gleason score of ≥ 7). Participants who had a PSA test in the 3 years before study enrollment reported greater fruit intake than those who did not ( Table 1 ) . Greater fruit and vegetable intakes were associated with greater physical activity, as well as greater energy, lycopene, fish, and supplemental vitamin E intake. Fruit and vegetable intakes were in versely associated with tobacco use and red meat consumption, and greater fruit intake was associated with lower fat and greater calcium intake. African Americans and Asians/Pacific Islanders were less likely than whites to have high vegetable intake. Fruit and vegetable intakes were positively correlated ( r = .37). The range of reported fruit and vegetable intake among participants in the PLCO was wide, with threefold and sixfold differences in intake, respectively, between the highest and lowest quintile medians of vegetables and fruits ( Table 2 ) .
Fruit intake, including its subcategories, was not associated with the risk of prostate cancer, overall or of aggressive or extraprostatic disease ( Table 2 ). Vegetable intake was not related to prostate cancer overall; however, risk of extraprostatic disease was statistically signifi cantly lower in men who consumed more of these foods than men who consumed less (RRs for increasing quintiles of intake = 1.00 [referent]; 0.78, 95% CI = 0.51 to 1.21; * All values other than age were standardized for age. Calcium, vitamin D, lycopene, red meat, fish, and fat intake were also standardized for energy intake. Values are mean or number of participants (%). BMI = body mass index; PSA = prostate-specific antigen. † In the 3 years before study enrollment. ‡ Average number of prostate cancer screening examinations (PSA and/or digital rectal examination) during the period of active screening (years 0 -5). * Aggressive prostate cancer was defined as a Gleason score of 7 or more or stage III or IV (n = 520). Extraprostatic prostate cancer was defined as stage III or IV (n = 189). RR = relative risk; CI = confidence interval. † Two-sided chi-square test for trend was used. ‡ Number of servings per day. § Adjusted for age (continuous), total energy (quintiles; 0 -1620, 1621 -2019, 2020 -2424, 2425 -2984, or >2984 kcal/day), race (white, black, Asian/Pacific Islander, or other), study center, family history of prostate cancer (yes or no), body mass index (<25, 25 to <30, or ≥ 30 kg/m 2 ), smoking status (never, current, former, or pipe or cigar only), physical activity (i.e., hours spent in vigorous activity per week; none, <1, 1, 2, 3, or ≥ 4), supplemental vitamin E intake (0, 0 -30 IU/day, >30 -400 IU/day, >400 IU/day, or past use), total fat intake (quintiles; 0 -62, 63 -72, 73 -79, 80 -88, or >88 g/day), red meat intake (quintiles; 0 -44, 45 -69, 70 -98, 99 -146, or >146 g/day), diabetes (yes or no), aspirin use (never, <1 pill per day, or ≥ 1 pill per day), and previous number of prostate cancer screening examinations during the follow-up period (as a time-dependent variable; continuous). ( 35 ) . Results were not markedly changed when we excluded potatoes and/or other starchy vegetables from the vegetable index.
In our study, the dark green vegetable group was comprised predominately of broccoli (52%), spinach (23%), mixed foods * Servings are given as number per time. Aggressive prostate cancer was defined as a Gleason score of 7 or more or stage III or IV (n = 520). Extraprostatic prostate cancer was defined as stage III or IV (n = 189). RR = relative risk; CI = confidence interval. † Two-sided chi-square test for trend was used. ‡ Adjusted for age (continuous), total energy (quintiles; 0 -1620, 1621 -2019, 2020 -2424, 2425 -2984, or >2984 kcal/day), race (white, black, Asian/Pacific Islander, or other), study center, family history of prostate cancer (yes or no), body mass index (<25, 25 to 30 kg/m 2 , or ≥ 30 kg/m 2 ), smoking status (never, current, former, or pipe or cigar only), physical activity (i.e., hours spent in vigorous activity per week; none, <1, 1, 2, 3, or ≥ 4), supplemental vitamin E intake (0, 0 -30 IU/day, >30 -400 IU/day, >400 IU/day, or past use), total fat intake (quintiles; 0 -62, 63 -72, 73 -79, 80 -88, or >88 g/day), red meat intake (quintiles; 0 -44, 45 -69, 70 -98, 99 -146, or >146 g/day), diabetes (yes or no), aspirin use (never, <1 pill per day, or ≥ 1 pill per day), and previous number of prostate cancer screening examinations during the follow-up period (as a time-dependent variable; continuous).
(e.g., beef stew or pot pie with vegetables or lasagna) (17%), and mustard/turnip greens (7%). Cruciferous vegetables included broccoli (36%); cole slaw, cabbage, and sauerkraut (26%); caulifl ower (20%); Brussels sprouts (12%); and mustard or turnip greens (5%). Each of the specifi c crucifera, with the exception of mustard or turnip greens and Brussels sprouts, was associated with decreased risk, with the strongest inverse associations being observed for extraprostatic cancer with greater broccoli (RR = 0.55, 95% CI = 0.34 to 0.89, for >1 serving per week versus <1 serving per month; P trend = .02) and caulifl ower (RR = 0.48, 95% CI = 0.25 to 0.89 for >1 serving per week versus <1 serving per month; P trend = .03) intake ( Table 3 ) . When patients with low-stage (I or II) prostate cancer with a Gleason sum of 7 (n = 258) were excluded from the aggressive category, inverse associations with high total, dark green, and cruciferous vegetable intakes were still not as strong as those for extraprostatic disease alone.
Risks for aggressive prostate cancer tended to be lower in association with higher intake of spinach, a component of the dark green vegetable group (RR = 0.63, 95% CI = 0.38 to 1.02, for ≥ 2 servings per week versus <1 serving per month; P trend = .03), compared with lower intake ( Table 3 ) , with similar results for raw (RRs for increasing categories = 1.00 [referent]; 0.87, 95% CI = 0.63 to 1.21; 0.78, 95% CI = 0.45 to 1.33; 0.68, 95% CI = 0.36 to 1.28; P trend = .11) and cooked (RRs for increasing categories = 1.00 [referent]; 0.77, 95% CI = 0.58 to 1.03; 1.06, 95% CI = 0.72 to 1.56; 0.39, 95% CI = 0.16 to 0.94; P trend = .04) spinach. We found no associations of prostate cancer with intake of deep yellow vegetables (namely, squash, carrots, and sweet potato) ( Table 2 ) or of beans, tofu and soybeans, onions, or garlic ( Table 4 ) , either overall or by disease subgroup (data not shown).
Discussion
In this large cohort study, total fruit and total vegetable consumption was not related to overall risk of prostate cancer; however, risk of extraprostatic disease was statistically significantly lower in association with greater vegetable intake, particularly for cruciferous and possibly dark green vegetables. Among the crucifera, broccoli and cauliflower showed a strong inverse association with aggressive and extraprostatic prostate cancer. We also noted a statistically significant inverse trend with increasing spinach consumption that was restricted to aggressive prostate cancer.
Our fi ndings are consistent with six cohort studies ( 9 -15 ) that found no relationship between vegetable intake and overall risk of prostate cancer, although in three of these cohorts ( 9 -11 ) weak inverse associations were noted, and nine of 13 case -control studies reported reduced risks, four of which reached statistical significance ( 1 ). Previous cohort reports have not explicitly related total vegetable intake to risk for extraprostatic prostate cancer. Two case -control studies and one cohort study assessed the associations with aggressive disease. Kolonel et al. ( 36 ) reported an overall inverse association for vegetable intake that became more pronounced when restricted to aggressive disease, and Hayes et al. ( 37 ) and Stram et al. ( 15 ) found no association.
Prospective results for associations between cruciferous vegetable intake and prostate cancer risk have been inconsistent, with two cohorts ( 10 , 16 ) showing inverse associations -only one ( 16 ) in men who had PSA screening -and three ( 9 , 14 , 15 ) showing no association. Four case -control studies ( 36 , 38 -40 ) , smoking status (never, current, former, or pipe or cigar only), physical activity (i.e., hours spent in vigorous activity per week; none, <1, 1, 2, 3, or ≥ 4), supplemental vitamin E intake (0, 0 -30 IU/day, >30 -400 IU/day, >400 IU/day, or past use), total fat intake (quintiles; 0 -62, 63 -72, 73 -79, 80 -88, or >88 g/day), red meat intake (quintiles; 0 -44, 45 -69, 70 -98, 99 -146, or >146 g/day), diabetes (yes or no), aspirin use (never, <1 pill per day, or ≥ 1 pill per day), and previous number of prostate cancer screening examinations during the follow-up period (as a time-dependent variable; continuous). Results among the PSA-screened subgroup in the large study of Giovannucci et al. ( 16 ) (which was restricted to men who had had at least one PSA test in the previous 6 years) are likely more valid than those from the main analyses -in which no associations were found -because they are less subject to detection bias and confounding ( 22 ) . The differential fi ndings underlie the importance of control for screening and indicate that major strengths of our study are the screening setting and careful control for precise number of PSA tests.
Only three studies have examined cruciferous vegetable intake and extraprostatic or aggressive disease: this study and the casecontrol study of Kolonel et al. ( 36 ) provided evidence that intake of cruciferous vegetables was associated with decreased risk of such disease, whereas that of Giovannucci et al. ( 16 ) did not. Dark green vegetable intake was associated with a nonstatistically signifi cantly decreased risk of advanced disease in one case -control study ( 15 ) and an increased risk in one cohort study ( 36 ) ; neither study considered spinach specifi cally. Our study is, to our knowledge, the fi rst to report an inverse association between spinach consumption and risk of advanced prostate cancer.
Epidemiologic studies have also variously identifi ed legumes and/or soy foods ( 19 , 20 , 36 , 38 , 41 -45 ) , green -yellow vegetables ( 46 , 47 ) , carrots ( 36 , 41 , 48 ) , tomatoes ( 13 , 20 , 38 , 49 , 50 ) , and allium vegetables ( 50 , 51 ) as being inversely associated with prostate cancer risk. In contrast, we did not note substantial associations for these foods. However, the mean intake of tofu or soybeans was extremely low in our study population (on average, one half serving per month), and we cannot exclude the possibility of effects at higher levels of intake. Similarly, the limited range of intake of garlic and onions (components of the allium group) in our study could contribute to the null fi ndings for this group. Consistent with our results, none of the 10 prospective studies showed inverse associations between total fruit intake and risk of prostate cancer (reviewed in 1,9 -14,17 -20); case -control studies also noted absence of protective associations ( 1 , 52 ) . We found moderately strongly increased relative risks across levels of fruit juice intake (apple, orange, or other); however, the changes were not linear ( P trend = .38). Fruit juices represent a source of citrus fruit, and others ( 38 , 42 ) have reported increased risk of prostate cancer associated with high citrus fruit consumption. The importance of the fi nding regarding fruit juice intake is, however, uncertain.
Consumption of cruciferous vegetables and spinach could (if the association is assumed to be causal) confer protection through various mechanisms. Cruciferous vegetables are especially rich sources of glucosinolates; certain hydrolytic products of which including isothiocyanates, indoles, and sulforaphane, have anticarcinogenic effects ( 6 , 7 , 53 , 54 ) . These effects include induction of phase II detoxifi cation enzymes, which protect cells from DNAdamaging agents ( 5 , 55 ) ; inadequate levels of these enzymes is consistent with the loss of expression of the phase II enzyme glutathoine S -transferase-, which is a characteristic of prostate cancer ( 56 , 57 ) . Antioxidant activity is another plausible mechanism for protection ( 2 , 58 ) . Broccoli and spinach have particularly high antioxidant and antiproliferative activities ( 59 ) , and because oxidative damage may be higher in metastatic prostate cancer than in primary prostate cancer ( 60 ), these activities could account for our fi ndings of a benefi t of cruciferous and dark green vegetables that is largely restricted to advanced prostate cancer. Broccoli and spinach are also high in free phenolics (e.g., fl avonoids) ( 59 ) , which, in addition to having antioxidant effects ( 61 ) , have been shown to stimulate the immune system, decrease the level of DNA adducts, and inhibit the mutagenicity of aromatic and heterocyclic amines ( 62 , 63 ) .
Our study has limitations that are inherent to all observational studies. It is well established that individuals who have diets rich in fruits and vegetables generally have lower rates of smoking, higher levels of physical exercise, and a more healthy lifestyle overall, and this association could confound the prostate cancer association. Although adjustment for a wide range of potentially confounding factors did not alter the inverse associations that we observed, the possibility of residual confounding still remains because a high intake of fruits and vegetables might also be an indicator of unmeasurable behavioral and psychosocial factors that we are not able to adjust for in analyses. Arguing against the potential for residual confounding, however, is the specifi city of the inverse association with vegetables but not fruit. Also, we were limited in our ability to evaluate results by ethnic or racial subgroups because of small numbers and concerns regarding comparability of dietary assessment across these groups.
An important strength of our study is the ability to control for screening for prostate cancer. Health behaviors, such as PSA screening, are likely to be associated with fruit and vegetable intake ( 22 ) , and PSA screening is strongly associated with prostate cancer ( 64 ) . The nature of this randomized screening trial, however, eliminates differential screening practices because all participants underwent screening according to the same prescribed regimen. In addition, we assessed the potential for detection bias by creating a time-dependent variable representing total number of prostate screening examinations; in this way, at any given time point, only participants who had had the same number of screening examinations (assessed since baseline) and, thus, the same opportunity for cancer detection were being compared. There is also the concern that the etiology of PSA-detected early-stage disease might differ from aggressive prostate disease and that epidemiologic studies conducted in the PSA era will be enriched with clinically latent prostate cancer and thus fail to replicate positive fi ndings from earlier studies ( 65 ) . We addressed this possibility by stratifying by aggressive versus nonaggressive disease status.
The total fruit and vegetable intake values in our study population were higher than reports from national surveys and other epidemiologic studies. By applying CSFII 1994 -1996 sex-and age-specifi c intake values ( 66 ) to the distribution of our population, we would have expected the mean fruit intake to be approximately 1.9 servings per day and the mean vegetable intake to be approximately 3.9 servings per day. The observed values were 3.3 and 5.4, respectively. Because all men were participating in a cancer screening trial, they were better educated ( 67 ) and might be more health conscious than men in the general population. The men in our study population may, however, have overreported their intake, perhaps because of greater awareness of the importance of fruit and vegetable intake, particularly since the National Cancer Institute introduced the 5-A-Day Program in 1991 ( 25 ).
Also, it is possible that our exposure assessment may be subject to less nondifferential misclassifi cation than other epidemiologic studies, none of which report including mixed dishes in their fruit and vegetable indices. Some of the heterogeneity observed across studies with respect to quantifying dietary intake may be caused by the inherent measurement error in dietary assessment instruments and in food-frequency questionnaires, in particular ( 68 ) . Because of the prospective nature of our data collection, we would not expect intakes to be biased by disease status, and so nondifferential error would not account for our inverse fi ndings.
In conclusion, these fi ndings indicate that intakes of cruciferous and dark green vegetables, especially broccoli and caulifl ower, are associated with a decreased risk of aggressive, particularly extraprostatic, prostate cancer. Aggressive prostate cancer is biologically virulent and associated with poor prognosis ( 69 ) . Therefore, if the association that we observed is ultimately found to be causal, a possible means to reduce the burden of this disease may be primary prevention through increased consumption of broccoli, caulifl ower, and possibly spinach.
